Pugh entered college in 1910 ostensibly to study geography under one of the great scholars in environmental sciences, H. J. Fleure, and did, in fact, complete a Bachelor of Arts degree in the subject in 1914. However, one of the ancillary courses he attended was in geology which was then being professed by O. T. Jones. Pugh vividly recounts, in his biographical memoir of Jones, the profound impression made on him by O. T .'s mastery of all aspects of the science. Given the personalities involved and the febrile excitement of mounting a program of what was practically a pioneer exploration of the rocks of central Wales, it was entirely in keeping that these two soon shed the rigidly formal professorundergraduate relationship prevalent in those days and started a friendship that was to last the rest of their lives. It was certainly evident to those who knew them in later life that each recognized in the other qualities with which he was less generously endowed; and this complement of talents must have been the main catalyst of their friendship and mutual respect without which repeated collaboration in significant research is impossible. Throughout their joint ventures, Pugh with his flair for organization and his ready acceptance of the daily grind of scientific observation must have frequently played the Roman to Jones's Greek flow of ideas and concepts.
By the end of his first year at Aberystwyth, Pugh had been recruited into Jones's band of student assistants to help in the completion of a one-inch-to-themile geological map of the Aberystwyth district. His contribution to the pro gram of work must have been outstanding because before the outbreak of World War I, while he was still an undergraduate, he was entrusted with the mapping of the northern part of the area straddling the Dyfi estuary. The results of this joint study were presented to the Geological Society of London by Jones early in 1915, and represented a considerable achievement for the young graduate, who by this time was in France with the British Expeditionary Force. It also afforded him a unique apprenticeship because it introduced him to the Ordovician-Silurian turbidite and graptolitic facies of the Machynlleth area whence he later traced correlatives of these successions into the heart of north Wales; and gave him a foretaste of the structural complications he could expect to meet. With respect to the latter aspect, the paper was a model for its day. It showed how well chosen stratigraphic controls assisted in proving that folding 'on a large scale was repeated on the small* (G. Barrow in discussion of the paper), and in determining the precise relationship among different generations of faults as in the demonstration of a dextral displacement by the Llyfnant Fault of northerly trending thrusts.
Pugh had a distinguished record in World War I. He was gazetted to the Royal Welsh Fusiliers in 1914 and was attached to the General Staff of the 3rd and 4th Army Headquarters in France and, later, to the General Headquarters of the Army on the Rhine. He was twice mentioned in dispatches and received the Order of the British Empire and the Croix de Guerre. He was demobilized as a major and, having declined the offer of a regular commission, came home to find other things in store for him.
Pugh's return to Aberystwyth coincided with Jones's acceptance of the Chair of Geology at Manchester University and in 1919, at the age of 27 years, he succeeded Jones as Professor of Geology in the University College of Wales. One of his first acts as incumbent of the chair was to appoint J. Challinor to the only lectureship attached to the department. Thus he had inherited the awesome burden of teaching all branches of geology except palaeontology, and did not gain relief from the full range of these commitments until 1921 when J. I. Platt joined the staff as petrologist. Meanwhile the classes were filled with the post war influx of ex-service men and his first honours students were soon ready to pursue postgraduate research under his direction. They included the late R. M. Jehu who later held the Chair of Geology and Geography in the University of Pietermaritzberg and K. A. Davies lately Director of the Uganda Geological Survey and Deputy Director of the Overseas Geological Survey. At this time too he married Manon, daughter of Joseph Davies-Bryan, one of the first students of the college, who later donated the land at Penglais on which much of the new college now stands and contributed generously towards the cost of the first buildings to be erected on the hill. Their marriage put the seal to a betrothal that was ineluctable after their first meeting as students at Aberystwyth about a decade earlier. Thereafter, as their contemporaries recall with pleasure, to enter the family circle of Bill and Manon Pugh was to savour the deep happiness that attended their fifty-five years together.
During his occupancy of the Chair of Geology at Aberystwyth, Pugh under took, with the widespread approbation of colleagues and students for he was a popular figure in the college, the teaching and administrative duties expected of a senior academic, including the Deanship of the Faculty of Science from 1929 to 1931 inclusive. But much of his energy during that period was directed to the mapping of the rock successions on either side of the Ordovician-Silurian boundary throughout much of north Wales. The results of some of his field studies were presented as three papers read to the Geological Society of London in 1923, 1928 and 1929 . They constitute a major advance in the correlation and in our understanding of the Lower Palaeozoic rocks of Wales.
Following the elucidation of the chronostratigraphy of the Central Wales Syncline, the problem facing Jones and Pugh in the 1920s was how to correlate the essentially graptolitic successions of that structural unit with the longrecognized classic sections within the coeval shelly facies of north and south central Wales. The quest took Jones along the Llandovery segment of the Towy Anticline in the wake of Murchison. Pugh, on the other hand, had the opportun ity of following the incremental changes from a graptolitic to a shelly facies by mapping the northern part of the western limb of the Central Wales Syncline from Corris towards the Arenig-Bala area where Sedgwick had originally established traverses for his 'Upper Cambrian'. Moreover, the predominantly shelly Arenig-Bala succession had been cited by Lapworth as the type section for the Ordovician system and had recently been described in detail by W. G. Fearnsides and G. L. Elies.
Pugh began by establishing a succession for the Corris region. The lithostratigraphic and biostratigraphic nomenclature founded for the Llandovery rocks of the Aberystwyth area and used for outcrops around Machynlleth proved appropriate for coeval graptolitic mudstones and shales exposed not only at Corris but with noteworthy constancy along the strike north-eastwards into the Bala district. By demonstrating this uniformity of lithology and espe cially the invariable presence of a basal mudstone member containing faunas indicative of the Glyptogr. persculptus Zone, Pugh was able conclusively to refute Elles's claim that the Hirnant Grits and Mudstones of the Bala district should be assigned to the Silurian. The amendment of the chronostratigraphy ol the Bala district was in itself a notable nomenclatorial correction in no way diminished by the alleged presence of Glyptogr. persculptus in Ordovician grits at Garth near Llandovery or by the coexistence of elements of the persculptus and Hirnant faunas in the Ulkuntas Beds of Kazakstan.
The Ordovician rocks proved more intractable. They constitute a monotonous succession of slates and grits and are finely enough cleaved to have merited working on a commercial scale. This degree of deformation ensured good exposures in a number of quarries and levels along the strike of the more prized 'veins', but tended to destroy all sedimentary features and contained fossils thereby precluding any detailed bed-by-bed study of facies changes. Nonetheless, Pugh was able to erect a definitive succession of finely drawn lithostratigraphic units and even to accord them biostratigraphic status. Among his more conspicuous successes may be reckoned the use of the Blue Vein (the Nod Glas) as a reliable marker horizon and its assignment to the transition between the Dicranogr. clingani and Pleurogr. linearis Zones: and the recognition of elements of the so-called Cyclopyge fauna within the succeeding Broad Vein (the Abercwmeiddaw Group). In the absence of reliable systematic studies of relevant faunas which at that time could only have been carried out on those recovered from the rocks exposed near Bala, Pugh was not to know that the juxtaposition of the Nod Glas and the Abercwmeiddaw Group with their respective fossil assemblages was one of the keys to the unconformity so exten sively developed between the Caradoc and Ashgill of north Wales.
By 1928 Pugh had carried his mapping of the Ordovician-Silurian rocks about 5 miles north of Dinas Mawddwy and, in fact, had accomplished a lot more than can be judged from the disappointment expressed by himself and sympathe tically echoed by several contributors to the discussion of the paper presenting his findings. Thus he confirmed the presence of the Cyclopyge fauna in an increasingly calcareous variant of the Abercwmeiddaw Group and demonstrated how limestone bands, bearing opportunistic species of articulate brachiopods and trinucleid trilobites, appeared within the Nod Glas as it is followed north eastwards. Indeed the most unpromising aspect of Ordovician stratigraphy was the continuing uniform lithology of the underlying Ceiswyn Beds which consist of over 3000 feet of slates, shales and mudstones. However, Pugh did accurately record the most significant facies differentiation occuring within that formation when he noted that the upper part of the sequence, exposed around Dinas Mawddwy, consists of rusty weathering shales which become intercalated with ashy grits and limestones northeastwards. Concomitantly a scatter of brachiopods and trilobites appears within the succession and although their worth as chronostratigraphic indices had not been recognized at that time, their presence must have raised hopes of eventually effecting a correlation with the Bala succession.
By 1929 Pugh had fulfilled the ambition that had first prompted him to map his way, foot by foot, from Machynlleth to Bala Lake. Southwest of the road from Llanuwchllyn to Bwlch-y-Groes, the lithostratigraphic units established by him for the sequences around Corris were still appropriate. Northeast of the road, the stratigraphic nomenclature used by Elies for the Bala successions was adopted. As Pugh's meticulous mapping showed, the transition from one standard section to the other has given rise to a complicated interdigitation of representative successions. The rusty weathering shales immediately underlying the Nod Glas are consistently ashy and calcareous throughout the Llanuwchllyn district and, as was confirmed by an enriched fossil content, are the lateral equivalents of the Gelli-grin Calcareous Ashes. A particular point of interest, in the light of later biostratigraphic studies of the Caradocian shelly faunas of north Wales and Shropshire, is Pugh's reaction to Bancroft's advice concerning the presence of '
T rinucleus' caractaci in the rusty weathering shales and its absence from the calcareous ashes of Llanuwchllyn. Bancroft believed the distribution to be controlled by stratigraphic breaks developed within the calcareous ashes. Pugh was more inclined to attribute the localization of the trilobite to palaeoecological control and current thinking suggests that he was right.
Identifying the stratigraphic equivalents of the Bala succession within the lower Ceiswyn Beds was more difficult. The boundary between the slaty mud stones and thickly bedded sandy mudstones, which appear as a distinctive mappable sequence about a mile south of the Llanuwchllyn-Bwlch-y-Groes road, was correctly correlated with that between the Nant Hir and Glyn Gower Formations. The boundary between the Glyn Gower and Allt Ddu Formations, on the other hand, was drawn where 'sandy mudstones gradually lose their arenaceous material and pass into grey-blue mudstones'. This subtle distinction is lost south of the Bwlch-y-Groes road although Pugh's extrapolation of the boundary hereabouts is accurate because, he reported the assemblage zone species Heterorthis retrorsistria in a fauna found just above the projected base of the Allt Ddu Mudstones.
In a retrospect brought into focus by more recent studies of the north Welsh Ordovician, the only noteworthy deficiency in Pugh's published maps derives from his translation of the structural design, suggested by Elies for the Bala district, into the northern part of the Llanuwchllyn area. The tectonic style adopted by him is clearly not the answer to the rock distribution in what is admittedly a poorly exposed area, although it does permit an exact fit with the southern end of the Bala map then in vogue. This deference for other people's work and, indeed, a consistent gentleness in reaction to any disputatious matter was a trait of Pugh's, which was all the more widely remarked because it con trasted with that of his great friend, O. T. Jones, who tended to treat imper fectly cast opinions as crushingly as a bull does a china shop. It is pointless to speculate on what kind of map Pugh would have produced of the geology of the Bala district had it not been recently described by Elies. He did, however, trace the Ordovician-Silurian boundary almost as far as Conway on the north Welsh coast as extant field maps show. These maps must have taken several years to complete and contain much information which, at that time, would have been highly relevant to our understanding of that part of the geological column. Why they were never published remains a mystery unless increasing admini strative commitments following his move to Manchester and, later, his involve ment with Jones in deciphering the geology of the Builth area continually postponed the final compilation of data until they became a disarticulated skeleton in the intellectual cupboard so familiar to all academics in their middle years.
William John Pugh

M anchester
In September 1931, Pugh succeeded O. T. Jones to the Professorship of Geology and the Directorship of the Geological Laboratories in the University of Manchester. It is a ubiquitously held secret that Pugh could have completed the hat-trick on Jones's retirement from the Woodwardian Professorship in Cambridge but chose not to do so. In effect, despite enticements from elsewhere, Pugh occupied the Chair in Manchester for twenty years and was more than happy to forge such lasting links with that university although the association led to heavy administrative burdens. A list of these duties will indicate the range of his responsibilities and the increasing degree to which his wise counsels and experience were esteemed. Within the university he was: Chairman of the University Joint Recruiting Board These commitments, arduous and time-consuming though they were, seem not to have greatly interfered with his teaching schedules. The department, like those elsewhere at that stage in university development, remained small throughout his tenure of office, but the entire spectrum of undergraduate and postgraduate instruction had to be sustained and the teaching load was commensurately heavy. Apart from indulging in his stratigraphic specialities with honours students who by that stage in their training were equipped to grapple with the subtleties of Lower Palaeozoic facies changes if not with Cymric intracacies in formational names, Pugh delivered much of the first-year course. His lucid lectures are remembered with gratitude and affection by generations of undergraduates. He also found time to undertake research-in fact on a much less muted scale than his list of publications suggests. Apart from continuing his mapping of the Ordovician-Silurian boundary in north Wales and writing various essays and joint reviews on the Lower Palaeozoic rocks of Wales he collaborated with A. H. Cox in the preparation of a revision of the Geological Survey map of the Dolgellau and Cader Idris area (sheet 59 NE). It is said that only a small area of drift remained to be scrutinized and recorded when the joint venture went into permanent abeyance; certainly no final draft was ever pre pared. However, his chief undertaking, once again in partnership with O. T. Jones, was the study of the Ordovician rocks of the Builth-Llandrindod area in central Wales. It involved them in a decade of detailed field observation on an unprecedented scale and led them to a comprehensive integration of data rarely rivalled for its brilliance in Lower Palaeozoic researches in this country.
A full account of the Builth-Llandrindod researches has been given by Pugh in his biographical memoir of Jones. It is a characteristically modest statement setting out the chronology of their discoveries and inevitably fails to convey the great influence their papers have had on Ordovician palaeogeographic recon struction and the mechanics of igneous intrusion.
The investigation was the consequence of a visit by Jones in the spring of 1939 to ascertain whether the Builth area would be a suitable stop for an excursion being planned for the XVIII International Geological Congress which, at the time, was scheduled to meet in London in 1940. During that visit he was intrigued to find a boulder bed which, although correctly identified on the Old Series Geological Survey map, had been ignored by later field studies carried out by C. Chamberlain, R. O. Roberts and G. L. Elies. In fact during the preparation of their final paper on an early Ordovician shoreline, Jones and Pugh discovered that H. T. de la Beche had alluded in general terms to the beach-like nature of the boulder beds as long ago as 1846.
The advent of World War II caused the congress to be postponed until 1948. Meanwhile Jones and Pugh, armed with Roberts's 6-inch field maps, returned to Builth to find that that entire area would have to be surveyed on a 2500 scale to do full justice to the complexity of its geology. This detailed revision was carried out whenever opportunity presented itself so that by 1941 they were able to publish a preliminary account of the stratigraphy and by 1946 had demon strated the nature of the complex intrusion of Welfield. Part of an adjacent igneous body had been mapped by C. Lapworth, also on a 2500 scale, as an intrusion and even described by Elies as a laccolith. But Jones and Pugh were able to demonstrate that the Welfield complex, although essentially laccolithic in form, was attended by many lenticular offshoots on the flanks and sheet-like apophyses derived from dyke feeds near the crest. Further field work revealed that exposures of albite dolerite which had previously been mapped as discrete outcrops of a few large continuous intrusions are actually several hundred interconnected masses varying in form according to their original depth of burial. These bodies were found to occur at six fairly constant levels within the Ordovician shales with the largest most continuous mass at the lowest level. At each successive level within the upper Llanvirn and Llandeilo sequence, intrusions become more and more divided so that over 300 masses, each with a plug-like feeder, occur at the highest level. Jones and Pugh attributed these changes in shape to the plasticity and pressure of the clay/mud overburden into which the dolerite magma was intruded. They concluded that below the lower level in the teretuisculus shales, estimated at about 8000 feet above the Precambrian basement, it was easier for magma to lift the sedimentary load and form relatively large, laterally spreading, concordant bodies than to move upwards. Above that level, however, resistance to vertical penetration was less than to lateral migration so that clusters of vertical pipes were emplaced; while at still higher levels, as in the Llandrindod laccolith, the lateral expansion of pipes into mushroom-like tops was facilitated by the high water content of the enclosing superficial muds.
In terms of interest generated by elegance of interpretation and novelty of conclusion, the crowning achievement of Jones and Pugh's researches in central Wales was, however, their account of the growth and destruction of an early Ordovician volcanic island, the northern part of which, as they so vividly demonstrated, is today exposed around Builth. Their detailed mapping over several years had, by 1948, brought to light a complex of volcanic rocks con sisting of several hundred feet of rhyolitic, spilitic and keratophyric lavas interleaved with agglomerates and bordered by bouldery ashes. These extrusives formed an island with the spilites weathering to a trap-like topography and the keratophyres to knoll-like hills. Apart from the in situ accumulation of screes and finer grades of detritus during the mechanical weathering of the land sur face, marine erosion gave rise to spectacular stacks and storm beaches. This topography and its associated debris were then buried, during a rise in sea-level, by a deposit of mud which formed a protective coat preserving the entire assemblage until its recent exhumation. Subsequent diagenesis, tilting and wrench faulting have, of course, greatly altered the exposed remnants of this Ordovician island; but once its identity had been established with such authority, and its diagnostic features traced with such clarity, one can only marvel that it remained undetected for so long.
G eological Survey
In November 1951, Pugh resigned the Chair of Geology in Manchester to succeed W. F. P. McClintock as Director of the Geological Survey of Great Britain and of the Museum of Practical Geology. Manchester clearly felt the loss of his departure and, in recognition of his services to the university, took the unusual step of conferring on him the title of Emeritus Professor which is normally reserved for selected academics in retirement. His appointment to the directorship, which took place when Sir Arthur Trueman was Chairman of the Geological Survey Advisory Board and Sir Ben Lockspeiser was Secretary to the Privy Council for Scientific and Industrial Research, was also noteworthy for breaking with a tradition that the Director was always a former member of the Survey.
When Pugh took up office he was responsible not only for the Survey at large but also directly for the Water Department and the Atomic Energy Division which was then an agency service first for the Ministry of Supply and later for the Atomic Energy Authority. The supervision of the main body of the Survey was conducted mainly through three Assistant Directors who were at that time:
J. Phemister, T. Robertson and J. H. Whitehead. All three served him loyally; but Phemister whose responsibilities, as the most senior Assistant Director, included the preparation of annual estimates and supervision of current expenditure, was uniquely placed to help him and did so unstintingly.
Pugh's term of office coincided with the beginning of the growth and regroup ing of the old field and specialist unfis and agencies into the divisional organiza tion of the Institute of Geological Sciences, as the successor of the Geological Survey and Museum of Practical Geology is known today. The growth in staff, the shifts in emphasis in the work of the Survey and the chronic difficulties in finding accommodation for the extra staff, equipment and specimens are all revealed in the Annual Summaries of Progress for 1951 to 1960 inclusive. During that period the number of geologists in post increased from 79 to 119. Among their new or enlarged activities can be listed: the undertaking of field studies in East Africa, Australia, Canada, Malaya, the Belgian Congo, New Zealand and Great Britain for the Atomic Energy Division; the mounting of an aeromagnetic survey of England and Wales; the preparation of a primary 6-inch survey of the Cheshire salt fields and the demonstration that reserves were more than twice the previous estimates, a fact reported by Pugh in Nature in 1960; substantial progress in the systematic mapping of coalfields and the discovery of Coal Measures within 1000 feet of the ground surface in the Burford borehole, Oxfordshire; and much advisory work for the National Coal Board, the Scottish Hydro-electric Board and the Ministry of Housing.
In 1951 the Manchester office still existed and, in that year, moved into new accommodation. But in 1959 it was closed along with the Newcastle office, and the staff rehoused in newly opened Survey quarters in Leeds. Indeed, the establishment of the Leeds office and the appointment of an Assistant Director to take charge of it were the most important policy decisions affecting the distribution and organization of the Survey to be taken during the decade. When the recommendation from the Director to create a Leeds office was accepted by the Geological Survey Advisory Board, it wras concomitantly agreed that the office would house about one-half of the coalfield units as well as those sections engaged in mapping the north of England. Accordingly some field units together with parts of the palaeontological and petrological specialist services were moved from London to Leeds. This translation brought only temporary respite from the pressure for more accommodation in London although attempts had previously been made to gain relief by partitioning the Museum basement and transferring the Atomic Energy Division to Young Street. The problem remained with Pugh to the end of his days as Director. 
